remained significantly associated with chemerin changes. Using the same analysis we noticed that total cholesterol (β=-0.71, p<0.001), fasting glucose (β=-0.40, p<0.05) and body mass index (BMI) (β=-0.38, p<0.05) Further studies are necessary in morbidly obese (MO) patients to explain the involvement of chemerin and omentin-1 in glucose homeostasis, inflammation, and oxidative stress as well as to clarify whether these two novel adipokines are dysregulated in response to increased adipose tissue, insulin resistance, chronic inflammation, or oxidative stress. Therefore the present study was designed to investigate the levels of chemerin and omentin-1, to analyze the link between the two novel adipokines and between each of them and MO patient obesity, metabolic state, chronic inflammation, and oxidative stress.
inflammation [15, 20, 21] , insulin resistance [21] [22] [23] , or oxidative stress. Further studies are necessary in morbidly obese (MO) patients to explain the involvement of chemerin and omentin-1 in glucose homeostasis, inflammation, and oxidative stress as well as to clarify whether these two novel adipokines are dysregulated in response to increased adipose tissue, insulin resistance, chronic inflammation, or oxidative stress. Therefore the present study was designed to investigate the levels of chemerin and omentin-1, to analyze the link between the two novel adipokines and between each of them and MO patient obesity, metabolic state, chronic inflammation, and oxidative stress.
Materials and Methods

Study design, setting and ethics statements
This was a case-control study in which the period of data collection was between November 2011 and February 2013. The study was conducted at the Physiology and Patophysiology Departments from "Iuliu Haţieganu" University of Medicine and Pharmacy, Cluj-Napoca, Romania. Morbidly obese patients were recruited from Bariatric Center of Excellence (BariXL) of "Ponderas" (Delta) Hospital, Bucharest and were all eligible for bariatric surgery. The study protocol was reviewed and approved by the Ethics Committee of "Iuliu Haţieganu" University of Medicine and Pharmacy, Cluj-Napoca, Romania. The present study was conducted in accordance with the ethical principles presented in the Declaration of Helsinki [24] . All participants were informed about the aims and methods of the study. Written informed consent was obtained from all participants.
Subjects
Two groups of subjects one consisting of 32 MO patients (12 male and 20 female) aged between 20 and 63 and the other formed out of 20 normal weight healthy controls matched for age and gender were investigated in this study. The inclusion criteria for the MO group was BMI over 40 kg/m² and agreement to participate in the study. The exclusion criteria were psychiatric disorders (schizophrenia); severe endocrine diseases other than diabetes; acute infectious and inflammatory diseases; cardiac, hepatic, or renal failure; cancer or systemic diseases (systemic autoimmune diseases) smoking, alcohol, or drug addiction. There were no patients under insulin treatment. For the control group the inclusion criteria were the same age and gender as in the case of the MO group and BMI
Introduction
Obesity is one of the most important concerns of the 21st century, and it is considered to be a major public health issue worldwide. Morbid obesity defined as body mass index (BMI) over 40 kg/m² represents a stage in which lifestyle changes, diet and pharmaceutical agents fail to obtain and sustain a significant weight loss [1] . A cluster of diseases such as type 2 diabetes mellitus, dyslipidemia, hypertension, coronary heart disease, obstructive sleep apnea, nonalcoholic fatty liver disease, gastroesophageal reflux disease and several malignancies are associated with obesity and threat to reduce life expectancy [2] . Adipose tissue is considered to be an active endocrine organ that produces a various number of adipokines which are dysregulated in obesity and induce a state of chronic inflammation, oxidative stress and insulin resistance thereby promoting metabolic complications [3, 4] .
Chemerin is one of the novel adipokines secreted by adipose tissue in an inactive form as prochemerin which is then activated through proteolytic cleavage by serine proteases of the coagulation, fibrinolytic and inflammatory cascades [5] . Recent investigations point out chemerin as a regulator of adipogenesis, glucose metabolism and inflammation as it plays an important role in macrophage infiltration into the adipose tissue [6, 7] . The body of evidence demonstrates that obesity is associated with elevated levels of chemerin that might influence dysregulation of glucose metabolism. On the other hand, obese patients with type 2 diabetes often have hyperinsulinemia, which seems to increase serum chemerin levels [8] . The implication of chemerin in metabolism and inflammation might provide a link between obesity and its related disorders, such as type 2 diabetes and cardiovascular diseases [9] [10] [11] [12] .
Omentin-1 is a fat depot-specific secretory protein produced by the stromal vascular cells from the adipose tissue. Omentin-1 enhances insulin-stimulated glucose uptake in adipocytes but has no intrinsic insulin mimicking activity [13] . Omentin-1 plasma levels and the adipose tissue gene expression are decreased in obesity and there is a positive correlation with the plasma adiponectin and highdensity lipoprotein and an inverse correlation with waist circumference, BMI, and insulin resistance [14, 15] .
Controversy has arisen concerning the regulatory mechanisms that modulate chemerin and omentin-1 expression and function, namely obesity [14, [16] [17] [18] [19] [29] . Serum TAR was measured using a colorimetric method as well. Fenton reaction produces hydroxyl radical, and the rate of reactions is monitored by following the absorbance of colored dianisidyl radicals. The oxidative reactions initiated by the hydroxyl radicals present in the reaction medium are suppressed by the antioxidant components of the serum thereby preventing the color change and providing an effective measure of the total antioxidant capacity of the serum. The assay is calibrated with Trolox, and the results are expressed as mmol trolox equiv./l [30] . Absorbance of the samples was measured in a Cecil 3000 spec-trophotometer. The percent ratio of the total oxidative status to the total antioxidant response gave the oxidative stress index (OSI), an indicator of the degree of oxidative stress [31] . OSI was calculated with the formula: OSI (Arbitrary Unit) = TOS (μmol H2O2 Equiv. /L) / TAC (mmol Trolox Equiv./L).
Statistical analysis
The univariate normality of the data from the MO patients and control subjects, respectively, was analyzed using the Shapiro-Wilk test, graphical method (Q-Q plot), and evaluation of skewness and kurtosis together with their standard errors. The descriptive statistics were calculated as median and interquartile range for non-Gaussian variables and as mean ± standard deviation for Gaussian distribution. The comparison between groups was performed using the Student's t test coupled with the Levene test for determining the homogeneity of the variance for the normally distributed data. Otherwise the Mann-Whitney U-test was applied for skewed data. Relationships between variables were verified by the Spearman's test. Any skewed data were logarithmically transformed before performing simple and multiple linear stepwise regression analyses. Levels of statistical significance were set at P <0.05. The statistical analysis was performed with the SPSS v.19 software.
Results
The descriptive characteristics of the studied groups were presented in table I. Median age was similar between groups. No statistically significant differences were observed between HDL cholesterol when comparing the two groups. Regarding BMI, triglycerides, fasting glucose, fasting insulin, HOMA-IR, TOS, OSI, NOx, CRP, TNF-α and chemerin values they were significantly increased in MO patients as compared with control subjects. TAR and omentin-1 were found to be decreased statistically significant in MO patients when compared with normal weight healthy subjects.
Anthropometric measurements, blood collection and laboratory analysis
Anthropometric measurements were performed and BMI was calculated by dividing the weight into kilograms by the square of the height in meters.
Blood samples were collected after overnight fast and serum was separated after centrifugation. The samples were assayed immediately or stored until analysis at -80°C for biochemical tests and at -20°C for enzyme-linked immunosorbent assays (ELISAs). Serum fasting glucose, total cholesterol and triglycerides were measured using the standard enzymatic colorimetric method (kit Clini-Lab Diagnosticum Hungary). Serum high-density lipoproteincholesterol (HDL cholesterol) was determined using the precipitation method (kit Clini-Lab Diagnosticum Hungary). Serum low-density lipoprotein-cholesterol (LDL cholesterol) concentration was calculated by Friedewald formula [25] . Fasting serum insulin, chemerin and omentin-1 levels were assayed by commercially ELISA kit (Millipore, U.S.A) according to the manufacturer's protocol. Insulin resistance was estimated according to the homeostasis model assessment of insulin resistance (HOMA-IR). The following formula was used in its calculation HOMA-IR = (fasting insulin µU/ml x fasting glucose mg/dl/)/22.5x18 [26] . A normal value was considered to be <2.5. C reactive protein (CRP) was measured using an ELISA kit from Abcam, Cambridge, UK. Serum tumor necrosis factor alpha (TNF-α) value was quantified using the ELISA kit from Thermo Scientific, U.S.A. All ELISA procedures were performed using TECAN device.
Serum nitric oxide (NO) concentration was evaluated using a colorimetric method. Nitrite and nitrate (NOx) were determined as final stabile products. The principle of this method is the reduction of nitrate by vanadium (III) combined with detection by Griess reaction. The Griess reaction was used as a measure of nitric oxide synthase (NOS) activity and of NO synthesis. Serum samples were passed through 10-kDa filters (Sartorius AG, Goettingen, Germany) and deproteinized by methanol/diethylether (3/1, v/v) (sample: methanol/diethylether, 1:9, v/v) [27] . 100 μLVCl3 (8 mg/mL) were added to 100 μL of the supernatant for reduction of nitrate to nitrite, followed by addition of 100 μL Griess reagents (50 μLSULF and 50 μLNEDD). (0.1%). Absorbance was read at 540 nm after 30 min of incubation at 37°C. Serum NOx was expressed as nitrite μmol/l [28] .
Total oxidative status (TOS) and total antioxidant response (TAR) were evaluated as oxidative stress markers. We used a colorimetric method for determination of serum TOS. The assay is based on the oxidation of ferrous to ferric ion in the presence of various oxidant species in acidic medium and the measurement of the ferric ion by xylenol Clujul Medical 2014 Vol. 87 -no. 1
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chemerin levels correlated positively with fasting insulin (β=0.622, p<0.001), HOMA-IR (β=0.626, p<0.001), LDL cholesterol (β=0.552, p<0.05) and negatively with TAR (β=-0.558, p<0.001) (Figure 1 ). Serum omentin-1 levels correlated negatively with TNF-α (β=-0.558, p<0.05) and total cholesterol (β=-0.633, p<0.05). Beta is a standardized regression coefficient which shows the significance of each independent variable in the multiple linear regression analyses. Adjusted R² express the significant and independent contribution of HOMA-IR, total cholesterol and triglycerides to circulating chemerin in MO patients
Beta is a standardized regression coefficient which shows the significance of each independent variable in the multiple linear regression analyses. Adjusted R² express the significant and independent contribution of total cholesterol, fasting glucose and BMI to circulating omentin-1 in MO patients ce [11, 17, 21, 34] in obese, overweight but also in lean subjects. On the other hand, Bozaoglu noted and K et al. explained the lack of associations between chemerin levels and metabolic syndrome phenotypes by the dysregulation of metabolic processes associated with the development of type 2 diabetes which might have a disruptive effect [35] . Regarding chronic inflammation we revealed elevated levels of TNF-α, CRP and NOx, but no significant correlations between chemerin and the aforementioned parameters. Chemerin is a proinflammatory marker produced by the adipocytes and preadipocytes as it acts as a chemoattractant for leukocytes to sites of inflammation. Thereby, it might be possible that it plays a role in chronic inflammation that occurs in obesity [7] . Chronic inflammation induces free radicals production and in our study we noticed increased levels of TOS and OSI, markers of oxidative stress. Other authors revealed that in obese patients with type 2 diabetes chemerin correlated positively with 8-iso prostaglandin F2α (8-iso-PGF2α), another marker of oxidative stress [36] .
Another important problem to elucidate was whether serum chemerin levels are elevated in obesity mainly due to adipose tissue excess, chronic inflammation, insulin resistance or dyslipidemia. To address this issue we used a multiple regression analysis and we observed that the main independent contributor to chemerin increase was HOMA-IR. Our finding was similar to Chakaroun et al. who demonstrated that both insulin resistance and chronic inflammation were BMI-independent predictors of elevated serum chemerin concentrations and in contrast with Sledzinski et al. who concluded that BMI was the main predictor of serum chemerin concentration [18, 21] . According to our findings we could speculate that chemerin is more related to glucose metabolism and insulin resistance than excess of adipose tissue. In this respect some authors revealed increased level of chemerin in lean, overweight, and obese patients with type 2 diabetes independently of BMI while others concluded that the increase of serum chemerin was related to the amount of total percentage of body fat in patients with no previous history or evidence of cardiovascular disease, diabetes, hypertension or dyslipidemia [37, 38] . On the other hand, when analyzing a group of obese type 2 diabetic patients Weingert et al. underlined that elevated chemerin levels were more associated with inflammation rather than BMI, thereby suggesting that chemerin might be more like a marker of inflammation than obesity [20] .
Omentin-1 is a new adipokine involved in insulin mediated glucose uptake and has been demonstrated to be decreased in obesity, insulin resistance and type 2 diabetes [15, 19] . Our results regarding levels of omentin-1 were in agreement with other studies that have demonstrated reduced values of this novel adipokine in MO patients as compared to normal weight healthy subjects [39] . In our group of patients no correlation was found between omentin-1 and BMI and this finding goes hand in hand with Auguet et al. and in disagreement Using the same analysis with omentin-1 as a dependent variable and weight, BMI, total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol, fasting glucose, fasting insulin, HOMA-IR, TOS, TAR, NOx, CRP, TNF-α and chemerin respectively as independent variables we noticed that only total cholesterol (β=-0.71, p<0.001), fasting glucose (β=-0.40, p<0.05) and BMI (β=-0.38, p<0.05) were considered to be significant predictors for serum omentin-1 changes (table IV) .
Discussions
The purpose of the present study was to evaluate the circulating levels of chemerin and omentin-1 in MO patients as compared to normal weight healthy controls. Additionally, we aimed to investigate the relationship between the two novel adipokines and between each of them and anthropometric, metabolic, oxidative stress and chronic inflammatory parameters.
Several features of obesity such as insulin resistance, dyslipidemia, oxidative stress and chronic inflammation lead to metabolic and cardiovascular diseases. There is an important interrelation between oxidative stress and chronic inflammation which augments free radicals production and vice versa. Nitric oxide (NO) overproduced in MO by the TNF-α stimulated macrophages reacts with superoxide, a free radical induced by nicotinamide adenine dinucleotide phosphate (NADPH) and leads to the formation of peroxynitrite, a very aggressive reactive species which induces oxidation of carbohydrates, lipids and proteins [32, 33] . Thereby, NO can be considered both a proinflammatory and an oxidative stress marker. Obesityinduced insulin resistance and type 2 diabetes are determined also by the dysregulation of some adipokines such as TNF-α, chemerin and omentin-1 [3, 13] . However, the relationship between chemerin, omentin-1, insulin resistance, oxidative stress and chronic inflammation respectively are not completely elucidated.
Chemerin is a novel adipokine that has been suggested to represent the link between obesity and the development of type 2 diabetes. In our study we demonstrated that circulating chemerin levels were increased in MO patients, as shown by other authors as well [34, 35] . However we found no significant correlation between chemerin and BMI in accordance with some authors [11] and in contrast with others [16, 17, 18, 35] , and this could be due to the fact that BMI is not considered to be the best tool for adipose tissue evaluation. We also demonstrated that chemerin correlated positively with fasting insulin and HOMA-IR and negatively with total oxidative response, suggesting that chemerin might induce dysregulation of glucose homeostasis and oxidative stress. Thereby, chemerin could be a link between insulin resistance and oxidative stress in MO patients. Other authors reported chemerin to be associated with the cluster of features of metabolic syndrome such as high fasting glucose [11, 21] , triglycerides [11, 16, 21] , low HDL cholesterol [11, 16] , elevated blood pressure [11, 33] and insulin resistanClujul Medical 2014 Vol. 87 -no. 1 Physiology with Moreno-Navarette et al. who studied two groups of obese men and women [39, 40] . Decreased levels of omentin-1 might explain the reduced insulin mediated glucose uptake in insulin sensitive tissues and might contribute to development of type 2 diabetes in obese patients. Auguet et al. demonstrated in a group of MO women that plasma omentin levels inversely correlated with glucose metabolism parameters [39] . We failed to demonstrate a negative correlation between omentin-1 and glucose homeostasis parameters, but when analyzing using a multiple linear regression we observed that fasting glucose was an independent contributor for circulating omentin-1 level, suggesting that increased serum glucose might reduce omentin-1 production in MO patients. From a simple linear regression we learnt that omentin-1 correlated inversely with TNF-α implying that decreased levels of omentin-1 as found in our group of patients might be involved in promoting and sustaining chronic inflammation, as revealed by other authors as well [41] . Obesity is associated with insulin resistance and chronic inflammation, but omentin-1 seems to be a positive marker involved in preventing the development of obesity-associated diseases.
A multiple linear regression analysis revealed that the independent contributors to circulating levels of omentin-1 were total cholesterol, fasting glucose and BMI in a percentage of 59.3%. This explains that in MO patients decreased levels of omentin-1 are mainly determined by three parameters of metabolic syndrome. Moreno-Navarette et al. showed in a multiple linear regression analyses that BMI and sex were the two independent contributors to circulating omentin variance after adjusting by fasting insulin [42] . When studied according to sex, BMI was the only independent contributor to circulating omentin-1 variance after adjusting by fasting insulin [42] .
Conclusions
Chemerin levels were significantly increased in MO patients and were related to insulin resistance and oxidative stress. Chemerin changes seemed to be predicted mainly by insulin resistance. Interestingly, we found no relation between chemerin and anthropometric parameters and this merits further investigation. Omentin-1 levels were decreased in MO, were inversely associated with chronic inflammation and dyslipidemia and the main modulating factors seemed to be dyslipidemia, hyperglicemia and BMI.
